Background To date, there have been no published studies of the degenerative changes in the cervical spine in adult idiopathic scoliosis patients with thoracic and lumbar curves severe enough to require major reconstructive surgery. Materials and methods The primary study group was 48 adult patients who had previously undergone a fusion from T10 or higher to the sacrum as an adult for idiopathic scoliosis. These were compared to 38 adults with unfused idiopathic scoliosis of 30°-50°and to 42 symptomatic adults presenting with cervical pain. Cervical degeneration was assessed using a new cervical degenerative index (CDI). Results The amount of degenerative change seen in the cervical spine in the long-fusion group was significantly higher at baseline (just prior to the fusion) than the two control populations and became much higher at a mean follow-up of 8.5 years. Conclusions This unique subgroup of patients, those having fusion from the thoracic spine to the sacrum as adults for adolescent idiopathic scoliosis, had a high incidence and severity of degenerative changes in their cervical spine. Due to the presence of advanced cervical degenerative changes prior to the fusion, it is not possible to blame the fusion as the main cause for these findings. These changes are either related to the thoracic and lumbar deformities or are more likely due to this subgroup having a higher natural propensity for degenerative changes.
Introduction
The subject of degenerative changes in adjacent segments following spine fusion has been of considerable interest with a multitude of published studies in the lumbar fusion, cervical fusion, and deformity fusion literature [1, 2] . Since degenerative changes in the spine occur naturally in all of us, the question always arises as to whether the changes seen are caused by the fusion or are merely the expression of our natural history. To date, there is no study in the literature evaluating degenerative changes in the cervical spine following long fusion to the sacrum for symptomatic idiopathic scoliosis. We have chosen to study three patient populations: a group of 48 adults who had a spine fusion from the thoracic spine to the sacrum for scoliosis, a group of 38 adults with unfused idiopathic scoliosis of 30-50°, and a group of 42 adults presenting to our clinic with cervical complaints, but no scoliosis. These groups were compared using a new cervical degenerative index (CDI) [3] .
Materials and methods
The study has been performed according to the Declaration of Helsinki and was approved by the Ethical Committee. Enrolled patients gave informed consent. The primary study group (group I) was 48 adults with adolescent idiopathic scoliosis who had a long fusion to the sacrum (from T10 or higher) as an adult. The average age at that surgery was 50 years (range 18-72 years). The fusion extended to the sacrum because of painful degenerative changes in the lower lumbar spine. The upper limit of the fusion was at T2 or T3 in 20 (44%), T4 or T5 in 16 (36%), and T6-T10 in 14 (20%). These patients were part of a previous study on the results and complications of such fusion surgeries [4] . All of these patients had had long postero-anterior and lateral radiographs, which included the cervical spine, both before and after their spine fusion surgery, and four-view short cervical radiographs at follow-up.
This group was compared to another study group (group II), 38 adult patients (mean age 35) with unfused thoracic idiopathic scoliosis of 30-50°. These patients also all had long postero-anterior and lateral radiographs.
A final group (group III) was composed of 42 randomly selected adult patients with symptomatic degenerative cervical spine problems. None of these had scoliosis or previous cervical spine surgery. Excluded were patients with congenital cervical anomalies, infections, tumors, ossification of the posterior longitudinal ligament (OPLL), diffuse idiopathic skeletal hyperostosis (DISH), or any inflammatory disease involving the cervical spine.
These three groups were not homogeneous as no attempt was made to have similar ages, proportion of genders, or symptoms. The method used to accurately quantify the radiographic degenerative cervical changes in all three groups was a new CDI developed at our center. It is a detailed quantitative analysis based upon Gore's qualitative criteria for cervical spondylosis, published in 1986 [5] .
The CDI has been validated showing high intraobserver and interobserver reliability and reproducibility among experienced clinicians. The index assesses four factors: disc space narrowing, anterior and posterior osteophytes, end-plate and facet sclerosis, and anterior/posterior olisthesis. Each of these factors is rated on a four-point scale (0, 1, 2, 3) at five cervical levels: C2-C3, C3-C4, C4-C5, C5-C6, and C6-C7. Factor scores are then summed for the five levels giving a possible range from 0 (no degeneration at any level) to 15 (a maximum rating of three at all five levels) for any single factor. Table 1 shows the details of the factor ratings.
The CDI was calculated as the sum of all four factors at all five levels, giving a possible score ranging from 0 to 60 (15 9 4). The Student's t test was then used to evaluate the differences between populations.
We also measured the Cobb angles of the thoracic and lumbar curves, the thoracic lordosis or kyphosis, the sagittal plumb line (global sagittal alignment) from the center of the C7 vertebral body relative to the anterior and superior corner of the sacrum, the coronal plumb line from the center of C7 relative to the mid-sacrum, and the C2-C7 translation, defined as the sagittal distance between the anterior wall of the C2 body and the anterior wall of the C7 vertebral body. These measurements were done to see if there were any correlations with the severity of the degenerative cervical changes.
Results
For the long-fusion group, significant degenerative scores were seen at all levels, ranging from 6.9 (SD 2.6) at C5-C6 to 3.1 (SD 1.8) preoperatively, and 8.8 (SD 2.6) at C5-C6 to 4.4 (SD 2.0) at C2-C3 at the 8-year follow-up (See Table 2 ).
Factor scores (disc space narrowing, sclerosis, osteophytes, olisthesis) were higher in the long-fusion group (group I) before surgery and even more elevated at followup as compared to either the nonfused adult scoliosis group (group II) or the symptomatic nonscoliotic group (group III).
For example, disc space narrowing was 5.7 preoperatively in group I, and 8.7 at follow-up, as compared to 1.6 for group II and 3.6 for group III. The details of this analysis can be seen in Table 3 for all four factors in all groups. All changes in group I from pre-operation to follow-up were statistically significant at P \ 0.001.
There was a positive correlation found between the CDI score and the magnitude of the thoracic scoliosis, the C2-C7 translation, and the change in the thoracic kyphosis. There was no correlation found between the CDI score between the uppermost level of the fusion, the number of fusion levels, the cervical lordosis, the lumbar lordosis, the C2 sagittal plumbline, and the C7 coronal plumbline. The statistical details of these correlations are seen in Table 4 .
Discussion
Very little has been written on problems in the cervical spine in patients with adolescent idiopathic scoliosis. The first suggestion of a problem was in a 1980 paper by Moskowitz et al. [6] who reviewed 61 patients who had had a posterior spine fusion for some type of scoliosis 25 years previously (range 20-30 years). An unexpectedly high incidence of cervical complaints (57%) was reported amongst those patients. Edgar and Mehta [7] in their 1988 paper on long-term follow-up of fused and unfused idiopathic scoliosis patients found an incidence of cervicodorsal pain in 7.8% of the unfused patients and 17.6% of the fused patients.
In 1995, Hilibrand et al. [8] published a radiographic study of the sagittal alignment of the cervical spine in patients with adolescent idiopathic scoliosis. They noted an inverse correlation between the thoracic and the cervical alignment. The more lordotic the thoracic spine, the more kyphotic the cervical spine. As this was a study only of alignment and only in adolescents, no comments could be made regarding adult pain problems or assessment of cervical degeneration.
Although it might be tempting to state a ''cause and effect'' relationship between the scoliosis fusion surgery and the significant degenerative cervical changes seen at follow-up, our analysis shows that these changes were present prior to the fusion, and that these changes were more advanced than in either of the two control groups, neither of which had a fusion. This suggests that either the prefusion deformity or the natural history of adolescent idiopathic scoliosis predisposed the patients to degenerative cervical changes. We are not aware of any studies, other than our unfused adult idiopathic control group, that looked at the incidence or severity of degenerative cervical changes in adult patients with residuals of unfused adolescent idiopathic scoliosis.
There are, however, some studies relevant to the issue of degenerative changes in the lumbar spine in patients with adolescent idiopathic scoliosis. The most significant of those are the recently published studies from Sweden by Danielsson and Nachemson [9, 10] . They analyzed two groups of patients with adolescent idiopathic scoliosis, one fused and the other braced, and compared those with an age and sex-matched control group. Both treated groups had a mean follow-up after treatment of 22 years. Both treated groups had the same residual curvature, 37°. They had more lumbar pain, although mild, than the control group, but the pain level in the surgical group was slightly higher than in the braced group. Cervical pain was not analyzed. Was this increased pain in the two treated groups due to the residual lumbar curve, or was it due to a propensity for adolescent idiopathic patients to have more degeneration than nonidiopathic patients? Since the reason for extending the fusion to the sacrum in our long-fusion group was always the presence of major degenerative changes in the lower lumbar spine, it is perhaps this specific group of adults with scoliosis and degeneration that also show degenerative changes in the cervical spine. Despite the multitude of other measurements done, few positive correlations were seen. There was a positive correlation between the magnitude of the thoracic scoliosis and the CDI score, the C2-C7 translation score, and the CDI, and a correlation between the sagittal change in the thoracic spine before and after surgery with the CDI. Surprisingly, the uppermost level of the fusion and the number of levels fused did not show significant correlation to the CDI.
As with most studies, this retrospective examination of the cervical spine in a highly specific subset of patients poses more questions than it answers. It has several deficits including the lack of an age and sex-matched control group of equally deformed adults with idiopathic scoliosis but no fusion, a matched control group of equally deformed adult patients with nonidiopathic scoliosis, and a correlation of the CDI with patient functional status.
This review of radiological incidence and severity of cervical degenerative changes revealed a significantly higher occurrence in adult idiopathic scoliosis patients scheduled to have spine fusion surgery from the thoracic spine to the sacrum as compared to two control populations.
At a mean follow-up of 8.5 years after surgery, the degenerative changes had significantly increased.
